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ABSTRACT
Since development of mechanically driven refrigeration and air conditioning applications the world has seen numerous
changes of refrigerants driven by safety, health, environment, and energy stipulated regulations. If we group the early
refrigerants, which had certain safety and health drawbacks, into one group we are moving into our fourth generation
of refrigerant usage: with the fifth not too far behind. Understanding which refrigerant is used is the first step in
designing a compressor, picking a lubricant, and evaluating the performance within a system. Cooperation between
leading industry experts in compressor design, lubrication, refrigerant chemistry, and system operation is needed to
be successful in optimizing time to market, cost and outcome.
One part of the equation needed to create optimization in selection and implementation is the lubricant. Over my 38
years of experience in compressor and lubricant selection I have noticed certain patterns in what engineers and scientist
try to look for in a lubricant when designing for a refrigeration and air conditioning system. I have summarized below
in my top technical questions.
Top Technical Driven Questions:
1. Will my lubricant work with all my refrigerants?
2. Does it matter what materials I use with my lubricant?
3. Can my lubricant provide me better performance?
This is where it gets difficult separating contributions from the lubricant and refrigerant based on how each of them
designs and develops from their own individual market perspective. This paper will address what is needed in the
transition, focusing on some new next generation refrigerants but also looking back at past refrigerants and how this
knowledge can help direct the path forward.

1. INTRODUCTION
As technology and innovation benefits expand across the globe the use of refrigerants in applications of comfort
cooling, food preparation and storage, industrial processes, medical storage, transportation, etc., has quickly grown.
The world has come to rely on these concepts for everyday living and personal benefit. The refrigerant has become
important to the existence of many technologies and products but also the center of controversy over distress
refrigerants can have on the environment. Because of this, we have experienced and still experiencing several changes
to refrigerant chemistries to address environmental concerns while trying to maintain or advance the reliability and
performance of these refrigerants in application. The compressor in various designs is still the main component used
to transport the refrigerant performing the required work of temperature transfer, the majority of these compressors
still require a lubricant to aid in bearing effectiveness, heat, and debris removal along with other essential component
processes.
Every refrigerant and particularly changes made to refrigerants, requires a variety of tests to qualify the use in
applications; within this evaluation is a need to understand how the refrigerant interacts with lubricant. There is a
required importance to maintaining and improving the reliability and performance of both the compressor and system.
Studies can be done, even before components are operated, to provide a first-look evaluation to estimate acceptance.
Included in this are lubricant and refrigerant evaluation for:
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❖ Stability – Interaction of lubricant and refrigerant with themselves and other materials and chemicals over
time at varying temperatures.
❖ Miscibility – How lubricant and refrigerant mix and remain one phase throughout the ranges of
concentrations and temperatures within a system.
❖ Compatibility – Physical and chemical interaction of the lubricant and refrigerant with materials and
chemicals found within a system and how these change properties.
❖ Working Viscosity – How refrigerant dilution (solubility) within the lubricant changes the viscosity of the
mixture that determines bearing lubrication and other system component dynamics.

2. CHALLENGES WITH SOME LOWER GWP REFRIGERANTS
There has always been challenges when designing refrigerants that can provide all the needed thermodynamic
properties along with satisfying interaction with other system components including lubricants. Today we are seeing
the extended use of some previously established lower GWP refrigerants but also development of newer molecules
based on chemistries like hydrofluoroolefins (HFO). Here is a look at some of these refrigerants and challenges they
present to either advancing their use or the start to implementing in applications.

2.1 Hydrocarbons
These refrigerants have an ASHRAE Standard 34 rating of A3 which means they are non-toxic but are highly
flammable. They present a challenge with some lubricants that are based on longer chain hydrocarbon bonds with
high solubility in the lubricant.

2.2 HFC
Though most hydrofluorocarbon refrigerants are targeted for phase down, some have been pursued due to their lower
GWP values versus what they are replacing. R-32 is one of these refrigerants with increased use in the air conditioning
market as a replacement for R-410A particularly in systems with rotary compressors. Though R-32 is half the quantity
of R-410A the lack of the other R-410 component, R-125, has resulted in some challenges with miscibility and
working viscosity when attempting to find lubricant options.

2.3 Carbon Dioxide
CO2 operates at extremely high pressures compared to other refrigerants which has challenged use in applications
where some safety standards for pressure might not be acceptable. CO2 has found more niche in ultra-low temperature,
heat pump and several industrial uses with growth in supermarket systems.

2.4 Ammonia
NH3 is an B2L designated refrigerant which means it has some toxicity and mild flammability. These properties have
relegated NH3 to larger scale industrial applications where equipment can be isolated. Since ammonia is a highly
efficient refrigerant different uses have been identified like smaller packaged low charge direct expansion units which
can require different lubricant chemistry.

2.5 HFO
The newer class of refrigerant chemistry developed in response to environmental concerns around global warming
potential. Commercial products as stand-alone hydrofluoroolefin chemistry or in combination with other refrigerants,
mainly HFC, have been identified and several are considered to be non-toxic but mildly flammable (A2L). The
unsaturated bond found in HFO refrigerants create less stability in the atmosphere to lower the GWP value, but this
instability can translate into system operation lower stability if not addressed. HFO interaction with lubricants can
challenge miscibility and solubility in ways that might not benefit compressor and system operation.

2.6 Others
More recently refrigerant chemistry based on using iodine in the molecule has been developed to help address
flammability concerns of some HFO refrigerants particularly in AC applications. Though the use of iodine helps
temper the flammability it also creates molecules that have less thermal stability which needs to be addressed when
evaluating this type of refrigerant chemistry.
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3. UNDERSTANDING LUBRICANTS
With all the refrigerant options it is important to have a strong understanding of lubricant chemistry and ways to
change or manipulate what is needed for effective operation with the refrigerant, compressor, and system. Table 1 is
a basic look at the lubricant choices that are predominantly used in refrigeration and air conditioning applications
and the refrigerants used with them, along with why lubricants are different and what makes for differences within
the same lubricant chemistry.
For refrigeration and air conditioning applications industry has predominately used five different types of lubricant
chemistries. The chemistries themselves are unique to each other and create distinct interactions with refrigerants.
But even within the lubricant chemistry themselves, some can have significant variation on the behavior with
refrigerants due to structure and manipulation of chemical intermediates. Table 1 provides a list of lubricant options
used in refrigeration and air conditioning applications with some brief description of their uniqueness and typical
refrigerants used with each.

Table 1: Lubricant chemistries used with refrigerants

Mineral Oil (MO)

Alkylbenzene (AB)

Polyol Ester (POE)

Polyalkylene Glycol (PAG)

Polyvinyl Ether (PVE)

Made from crude oil sources. Typically refined to meet more stringent
requirements for refrigerant applications. Naphthenic based and paraffinic based
most common. Further refinement and treatment create what has been termed a
semi-synthetic mineral oil version. Has some limitation on viscosity; low vis
due to flash point concerns and high vis due to unavailable options.
CFC; HCFC; HC; NH3
Synthetic product from the reaction of an aromatic with linear or branched
hydrocarbon. The synthetic aspect of ABs creates improved thermal and
oxidative stability over MO with cleaner operation. The properties of AB
lubricants can vary with refrigerant interaction based on being linear or
branched, number of substitutions and location on the ring and monoalkylate
versus dialkylate. The viscosity range of AB products used in application is
similar to MO.
CFC; HCFC; HC; NH3
Reaction product of a polyfunctional alcohol with a carboxylic acid, with water
as a by-product. Alcohols range from 2-6 functional sites while carboxylic acids
range from carbon numbers 4 -10 with both linear and branched structures. The
variation of alcohols and acids create options of various viscosity range and
adjustments to how the lubricant and refrigerant will interact in regard to
miscibility and solubility. Moisture values are controlled to help minimize the
risk of reversing the synthetic reaction recreating the acid.
HCFC; HFC; HFO; HC; CO2
A polymer derived from propylene and/or ethylene oxide with an initiator,
usually water or an alcohol and can vary on being uncapped or capped.
Lubricant viscosities are modified by varying the chain length of the polymer
which maintains interaction properties with refrigerants over various viscosities.
Variations to refrigerant interaction are achieved by starting and ending group
manipulations. Extremely high viscosities can be developed, and lower
viscosity are usually determined based on polymer exemption of the molecular
weight range.
HFC; HFO; HC; CO2; NH3
A product achieved by polymerizing particular vinyl ether monomers. Chain
lengths dictate the viscosity range of the lubricant, the ISO 68 version has been
the most commercialized version. Side chains and end group variations on
molecules can provide properties that will vary in interaction with various
refrigerants. Like POE and PAG, PVE has the ability to absorb higher amount
of moisture.
HFC; CO2
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4. REFRIGERANTS AND LUBRICANTS TRENDS AND DYNAMICS
During development of new refrigerants, it is important to not only understand the refrigerant and lubricant chemistries
but also ways to estimate how refrigerants and lubricants will interact. Several industry papers and presentations,
including those associated with this author, have soon how bench studies for miscibility, solubility, working viscosity,
stability and compatibility help qualify candidates.

4.1 Working with Synthetic Lubricants
When it comes to manipulation of a lubricant to adjust for both physical properties and interaction properties with
refrigerants then the polyolesters represent a large range of options. POE lubricants gained acceptance when HFC
refrigerants were commercialized, so over the last 30 years a lot of understanding of this chemistry has been gained.
POEs are made by reacting a polyfunctional alcohol (usually 2-6 hydroxyls) with a carboxylic acid. By varying these
two components, different grades of POE lubricant with varying properties are created and how they interact with
refrigerants. The easiest property to manipulate but probably the most important is the viscosity. General rule is that
viscosity increases with increase to the number of hydroxyls reacted and to the chain length of the carboxylic acid.
This is illustrated in Figure 1 which represents the viscosity when polyfunctional alcohols with 2, 3 and 4 hydroxyls
are reacted with carboxylic acids between 2 and 9 carbon chain lengths. Examination of the chart shows this interaction
is not always a linear approach, from 2 to 6 acid carbons the viscosity rise is slow but from 8 to 9 the rise is significant
which will represent a quite different viscosity when molecules are synthesized. These considerations need to be
understood when deciding on the best approach to develop a lubricant for either existing or new refrigerants.

Figure 1: Polyolester Chemistry Changes Effecting Viscosity

In addition to how viscosity can change with carboxylic acid carbon number the same can be seen when the
structure of the acid with the same carbon number is used. Molecules containing the same empirical formula with
different arrangement of the atoms are called isomers. In Figure 2 we can see how changes to isomers of a particular
carboxylic acids carbon number will vary the viscosity of the produced POE. Here we see with the same
polyfunctional alcohol how changes to the structure of a five-carbon carboxylic acid being linear (1), alpha branched
(2) and iso branched (3) has a pronounced effect on the end viscosity. This can be helpful information when
attempting to develop a lubricant for a particular refrigerant when viscosity changes are desired and as will be
shown later, can also provide different interaction properties with refrigerants like miscibility that can benefit when
selecting certain lubricant options.
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(1)

(2)

(3)

Figure 2: Effect of lubricant chemical structure on viscosity

4.2 Lubricants and Refrigerants
When working with refrigerants, especially those that are new to the market, it is helpful to have understanding of
the variety of tests mentioned in the introduction. Lubricant companies that have developed success in the
refrigerant and air conditioning industry have both the expertise and equipment to create products based on bench
studies. This helps support their customers to introducing product in a timely fashion with minimal risk and
exposure. It is difficult to use one lubricant or even one lubricant chemistry for multiple refrigerants, so it is vital to
screen where the differences reside. Figure 3 provides example of how the same lubricant has different miscibility
profile in different refrigerants and how refrigerant structure is involved.

Figure 3: Effect of refrigerant chemistry on lubricant miscibility
Given the fact that each of these refrigerants contain 4 fluorine and 2 hydrogen differences still exist to how the
same lubricant interacts and will have a consideration in what can be used. Each of the three refrigerants represented
in Figure 3 have upper critical solution temperature that are all below -60°C but vary in lower critical solution
temperature. If we take R-134a as a standard of acceptance today, then moving to R-1234yf might encounter
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miscibility challenges in certain applications and conditions. It appears that R-1234ze(E) has better overall
miscibility range but as we will discuss in the next sections, this could have a downside. It is interesting to note the
need to individually assess refrigerants given the large difference in miscibility of this lubricant between R-1234yf
and R-1234ze(E) just by moving a fluorine from the internal to the terminal position on the double bond.
Taking the investigation of the same grouping one step further by measuring working viscosity can show how the
miscibility evaluation alone might not be enough to qualify a candidate. As mentioned, the measured miscibility of
lubricant and R-1234ze(E) in Figure 3 appears to have acceptable miscibility but what we need to do next is
compare the solubility and working viscosity at certain operating parameters. Table 2 looks into the effect of
refrigerant on the same lubricant at a constant pressure, showing how the high solubility of R-1234ze(E) over the
other refrigerant is driving down the working viscosity. High solubility (dilution) and reduced viscosity can
negatively affect the operation of the system and compressor, especially bearings.
Not all these parameter results are negative, high solubility if controlled and designed for can benefit EER while
super low solubility can benefit systems using flammable refrigerants that are limited by charge level restrictions.
Table 2: Solubility and Working Viscosity Comparisons

Refrigerant
R-134a
R-1234yf
R-1234ze(E)

Same Lubricant, Constant Pressure, Varying Temperature; Viscosity and Dilution
40°C
60°C
80°C
100°C
cSt
%
cSt
%
cSt
%
cSt
%
4.6
46
12.2
22
13.5
13
11.8
9
3.0
43
8.2
19
8.0
11
6.6
8
0.8
79
3.5
34
5.1
19
5.0
12

5. COMPATIBILITY AND STABILITY
Most refrigeration and air conditioning systems operate for decades without oil removal or reconditioning. This
makes it important for system operation and reliability to evaluate materials and chemicals prior to introduction.
Over the years, the industry has turned to testing done based on standards such as ASHRAE Standard 97 using glass
sealed tubes, GPC 38 using metal pressure vessels and ASHRAE Standard 172 evaluation of chemical acceptability
in lubricant and refrigerants. With the number of new refrigerants, it is beneficial to have methods to screen for
stability and compatibility.

5.1 Compatibility
Outside of lubricant and refrigerant thermal, hydrolytic, and other stabilities there is the need to understand the
compatibility with the range of polymers, elastomers and processing fluids used in the manufacture of compressors
and systems. This effort can be extremely exhausting when new refrigerants are developed given the complexity of
the matrix. Therefore, it is helpful to have pre-existing understanding of compatibility trends among various
chemistries and which components are essential for a first look approach. Figure 4 shows data on evaluating the motor
insulation material used in hermetic compressors, typically referred to as mylar. The predominate material used is
polyester based and since it provides an insultation of the hermetic motor wire windings it is important to maintain
integrity over time. As seen from the spider chart the effect of various lubricants PAG, PE and POE and the refrigerant
tested, R-134a have minimal degradation in load, stress, and elongation over new material. The effect of heat is most
pronounced as a degrading factor and even though the other test studies maintained the same test temperature they
appear to quench/buffer the degradation behavior of temperature only. It should be noted that past evaluation of mylar
material has shown that heat can change the intrinsic viscosity of the material which will affect the crystalline structure.
The lubricants and refrigerants might neutralize or slow down this affected change. Though it is still wise to evaluate
different refrigerants this information is useful in understanding the direction lubricants will take, potentially allowing
for the same lubricants to be used with new refrigerants which could help reduce the test matrix when making
evaluations.
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Figure 4: Effect on Compressor Motor Material
Past studies have shown that motor insulation based on polyethylene terephthalate have the potential to become
embrittle on certain conditions. In very dry conditions excessive continuous heat above about 160°C can cause
crystallization of the polymer molecule. Also, when the material is exposed to high moisture the intrinsic viscosity
will change caused by bond cleavage of the polymer.
Recent industry material compatibility studies were done on various compressor components with R-1234yf and R1234ze(E) the two predominate HFO refrigerants being evaluated as standalone or blend components in numerous
lower GWP refrigerant options. The two refrigerants were blended with an HFC, R-32 at a 1:1:1 ratio. The results
indicated that assessment with motor material showed results comparable to R-134a testing, which are used today in
hundreds of millions of HFC systems.

5.2 Stability
For several years, the industry has been using refrigerants like HFCs that have good stability. But refrigerant
stability was not always the case when CFC and HCFC refrigerants dominated. Now we are seeing some lower
GWP refrigerant options with reduced stability due to unsaturated bonds or weaker carbon-halide bonds. Most
lubricants have some stability-based deficiencies: Mineral oils have uncontrolled heteroatoms and other impurities
that can cause coking on compressor hot surfaces; Polyolesters are subject to hydrolysis which can recreate
carboxylic acids; and polyvinyl ethers have lower oxidation stability. Sometimes these lubricant flaws can be
controlled with additives but additives in general can also be reactive, so care needs to be taken on their choice.
Table 3: Bond Strength (kcal/mole)
C-H
80.6
CF3-H
106

C-F
128
CF3-F
130

C-Cl
95
CF3-Cl
86

C-Br
67
CF3-Br
71

C-I
50
CF3-I
53
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Significant early work on HFC refrigerants showed their relative stability related resistance to thermal stresses, this
can be related to strengths of chemical bonds within the molecule. Table 3 shows bond strengths for various carbon
molecule bonds and as seen C-F is stronger when compared to C-Cl which is what led to more stable HFC
refrigerants compared to CFC refrigerants, but this also created the higher GWP values due to atmospheric stability.
We also see that refrigerants developed based on carbon and iodine will suffer from less stability then even the CFC
products. This is currently a challenge with new refrigerants based on CF 3I and finding ways to provide improved
stability for broadened application use of these types of refrigerants. Over the years numerous refrigerants that have
exhibited various levels of instability have successfully been used when the limitations are understood or ways to
stabilize with additives.
HFO refrigerants can have less stability, more reactivity than current HFC refrigerants but work has been underway
for years to investigate the limitations. Industry stability studies under accelerated conditions show some
mechanisms for breakdown products to form and how these products can affect lubricant and component stability.
Lubricants used with HFO based refrigerants still have their typical stability challenges as seen with HFC
refrigerants, but now the added issue of the breakdown of the refrigerants typically forming fluoride ions which are
reactive. Measuring fluoride ion in solution after a stability test or maybe even a system test is a measuring stick for
refrigerant reaction similar to how R-12 breakdown products were measured. Overall, the number of fluorine’s on
the molecule and the arrangement will have different result on stability. For instance, the 4 fluorine and 2 hydrogen
R-1234yf is less stability in glass sealed tube testing compared to the 4 fluorine and 2 hydrogen R-1234ze(E), which
is also more stable than its counterpart stereoisomer R-1234ze(Z). Recent studies under industry and government
sponsored programs evaluated a number of HFO based refrigerants specific to experimentally or commercially
available refrigerant products. Testing was done with three different lubricants. Overall, there isn’t significant
deterioration of these HFO refrigerant and lubricant combinations but there are some differences in certain
refrigerant and lubricant chemistries that need to be considered when systems are designed especially those that
might operate at more extreme conditions. These types of studies help shape the direction to successful and effective
use of lower GWP refrigerant options with various lubricants and lubricant additives.

6. DIRECTION FOR SUSTAINABLE PRODUCTS
So where does this lead us; for the most part refrigerant and air conditioning systems need lubricants and require
stability of all the components interacting within the system. Right now, the market is somewhat fragmented on the
path forward. Split between chemistry, GWP level, flammability, current and future availability along with cost.
Also, the use in one industry or even global region doesn’t necessarily make the option the right choice to other
paths. Some manufacturers will attempt to maintain as close to status quo when it comes to choosing lubricants for
new refrigerants. Other markets will be forced to make a change to the lubricant or how they have measured
acceptable lubricant and refrigerant interactions in the past. Some manufacturers may choose to move another way
and look at different lubricant chemistries while making modifications or redesign to equipment to promote
enhancements to current system operation. It is still early to understand how the role of efforts like decarbonization
might affect lubricant and refrigerant choices. Choices around increasing equipment electrification or something like
high temperature heat pump or cold climate heat pump might require different properties between the lubricant and
refrigerant to maintain system dependability. As in the past the ultimate outcome is to maintain reliability and
performance while attempting to build towards improvements all at sustainable cost.
There are too many variables to meet to allow the use of just one specific refrigerant chemistry and with that there
will be the need to use multiple lubricant chemistries. The dynamics within the compressor and system still direct
the requirement of lubricant and refrigerant that can be successfully and effectively used. Global policies and market
decisions have somewhat settled on the need to replace higher GWP based refrigerants but have not provided a
defined direction on which refrigerants will be used. Lower GWP options based on natural refrigerants and synthetic
refrigerants carry different properties that require lubricants that will be different. But even within the category of
natural or synthetic refrigerants the same lubricants cannot be used across the board. Each refrigerant can have
various degrees of difference which can eliminate successful use of certain lubricants. This creates an importance to
making sure testing is completed to make the proper evaluation and certain bench level testing as described in this
paper is essential to a meeting time constraints and helping to control the monetary cost of testing and approving.

19th International Refrigeration and Air Conditioning Conference at Purdue, July 10 - 14, 2022

2248, Page 9
7. CONCLUSIONS
Going back to answer the questions proposed at the beginning of this paper. We are not at a point where one lubricant
will cover the multitude of refrigerant chemistries, but some efforts have been shown where this gap closes some. The
industry has done a good job of evaluating and documenting materials used in refrigeration and air conditioning
equipment. Changes required when transitioning to different refrigerants can be screened to choose options quickly
and economically. Lubricant modifications have been an option in the past to advance performance and this method
doesn’t change with alternative refrigerants. The level of performance change is most likely going to depend on the
level of commitment and willingness to change that equipment manufacturers are willing to pursue.
There are several refrigerant options for lower GWP refrigerants based on major or minor adjustments to chemistry.
Companies are positioning themselves to make choices on options either in a leading role or following the pack. With
the magnitude of potential refrigerants, the matrix of testing grows quickly when attempting to evaluate lubricant
possibilities. Understanding how refrigerants and lubricants will interact is a good first look to screening candidates.
Ultimately approvals come down to evaluation in compressor and systems but prior to that, techniques and procedures
have been developed to minimized test time, effort, and cost. This paper has described how understanding of changes
to molecule design within refrigerants and lubricants, even if slight, can have a dramatic change to how refrigerants
and lubricants interact with each other. With the variety of next generation refrigerant options from natural based to
synthetic variations, screening test outside of a compressor and system can provide answers. Miscibility, PVT,
stability, materials compatibility provides the insights to the next steps forward. Beyond having the necessary tests
and equipment in place it is essential to have the knowledge base and years of experience to create successful scenarios.

NOMENCLATURE
ASHRAE
GWP
CFC
HCFC
HFC
HFO

American Society of Heating, Refrigerating and Air-Conditioning Engineers
Global Warming Potential
ChloroFluoroCarbon
HydroChloroFluoroCarbon
HydroFluoroCarbon
HydroFluoroOlefin
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